BACKGROUND: Current health research strives to integrate biological, psychological, and social factors consistent with ecological models. Home-based biomarker specimens are consistent with an ecological approach, but deviations from laboratory norms could affect validity of results. OBJECTIVE: This article uses salivary cortisol specimens collected early in a perinatal mental health study to describe (a) return rate and returner characteristics, (b) adherence to procedures, (c) sources of laboratory error, (d) effects of deleting specimens with "nuisance" factors, and (e) effects that selection bias could have on cortisol concentration distribution. STUDY DESIGN: This includes methodological analysis of collection, assay, and preanalysis decision components. RESULTS: Rates of return do not differ by participants' sociodemographic, perinatal, or psychiatric characteristics. Excluding smokers affects representativeness. Selection bias in favor of more or less disadvantaged participants affects cortisol distribution. CONCLUSIONS: The large yield of useable specimens permits multivariate modeling of cortisol level in association with health outcomes, potentially enhancing ecological validity.
Large psychosocial studies on mental and physical health contribute to an understanding of social and contextual factors that influence health. Laboratory studies contribute valuable data about biological mechanisms. However, design norms intended to increase internal validity limit external validity and result in sample sizes too small to permit complex modeling. Ecological or "ecosocial" approaches that include biomarkers in large-sample psychosocial studies are advocated to advance the understanding of complex causal disorders and to attend to disparities across gender, race, ethnicity, and economic strata (e.g., Gillman et al., 2006; Rich-Edwards et al., 2001; Rowley, 2001) . When large community samples are involved, logistic and cost considerations often dictate departures from laboratory study norms. Instead of intensive protocols that apply inclusion and exclusion criteria to the sample, that standardize procedures and timing, and that have staff oversee specimen collection, biomarker specimens often are provided by participants from home according to written instructions and mailed to a laboratory. There currently are few methodological reports of the "ecological validity" of biomarker data collected and modeled using this approach. The purpose of this article is to describe the impact of using an ecological approach on data collection, mailing and processing factors, and preanalysis processes.
Data are from an ongoing perinatal mental health study that uses salivary cortisol as a biomarker. Cortisol is a stress-response hormone that reflects hypothalamic-pituitary-adrenal (HPA) axis functioning, making it a potentially useful biomarker for health outcome studies where stress-related disorders are of interest (e.g., Marin, Martin, Blackwell, Stetler, & Miller, 2007; Rosmond, Holm, & Björntorp, 2000) . Cortisol can be validly measured in saliva, even during pregnancy (Vining, McGinley, Maksvytit, & Ho, 1983) . The reliability of assays conducted when specimens are collected at home and mailed has been established (e.g., Clements & Parker, 1998; Kahn, Rubinow, Davis, Kling, & Post, 1988) . There is less information available about the implications for internal and external validity when such biomarker data are obtained from large samples using homebased specimen collection. In this article we describe the following: 1. return rates and returner characteristics, 2. the extent of error due to mailing and processing factors, 3. the extent of variance in returners' adherence to procedures, 4. the effects of specimen exclusion decisions to limit "nuisance" error on (a) the representativeness of the sample and on (b) the distribution of evening salivary cortisol concentrations as an example of one useful parameter, and 5. the potential effects of socioeconomic selection bias on the distribution of evening cortisol concentrations.
A companion article appears in this issue (King, Leichtman, Abelson, Liberzon, & Seng, 2008) , which focuses on analytic concerns, including relative effect sizes of potential nuisance factors, coping with potential lack of independence of some of these factors, and presenting an exemplar analysis in which several levels of ecological variables, including the biomarker, are considered in a multiple variable model of a sample health outcome.
BACKGROUND
Cortisol is a marker of the HPA axis function of interest for mental health and health (including perinatal) outcomes research because it has long been associated with stress regulation (Selye, 1956) . Cortisol is found in blood, urine, and saliva. Saliva specimens are easily obtained, feasible to mail, and reliably assayed if frozen within 14 days (Clements & Parker, 1998; Kahn et al., 1988) . Stress and HPA axis dysregulation evidenced in plasma cortisol have been considered in relation to adverse pregnancy outcomes, including labor processes and prematurity (e.g., Lederman, Lederman, Work, & McCann, 1978; McCool, Dorn, & Susman, 1994; Green et al., 2005) , and the validity of salivary cortisol measures has been affirmed in pregnant women (Vining et al., 1983) . Cortisol is currently of interest for mental health research because alterations in the diurnal cortisol profile, including both lower and higher levels (reviewed in Yehuda, 2006) , have been associated with stressand trauma-related psychopathology, including major depressive disorder (MDD) and, our team's main area of interest, posttraumatic stress disorder (PTSD). Recent studies have most often found differences between stress and psychopathology case and control groups in evening cortisol levels (e.g., Bremner, Vermetten, & Kelley, 2007; Inslicht et al., 2006; Young & Breslau, 2004) , thus the following analyses focus on that sample time point.
Importance of Sample Representativeness for Ecological Validity
Cortisol sensitivity to the focal factor of psychopathology might not be adequately specific, however. Research done primarily with women indicates that alterations in cortisol levels also are associated with early life stress, especially maltreatment, which predisposes to psychopathology (e.g., Bremner et al., 2007) . Cortisol levels also can be altered in the presence of acute stressors, such as intimate partner violence, that are more likely to occur among women with psychopathology, including both PTSD and depression (Inslicht et al., 2006; Pico-Alfonso, Garcia-Linares, Celda-Navarro, Herbert, & Martinez, 2004) . Cortisol levels also can vary in relation to chronic stressors and daily hassles that do not affect all people equally (van Eck, Berkhof, Nicolson, & Sulon, 1996) , in particular sociodemographic disadvantages such as material hardship and racism Tull, Sheu, Butler, & Cornelious, 2005) . Thus, multiple types of stress factors-past, acute, and differentially experienced-that might be relevant in mental health and perinatal studies and that would be particularly valued under an ecological or ecosocial approach (Krieger, 2001) , all might affect cortisol levels. If rates of returning specimens differ by sociodemographic characteristics, pregnancy risk factors, or trauma history and psychiatric status, the relative impact of these various stressors may not be captured. The extent to which the use of mailed instructions and shipment procedures used in large-sample studies results in a diverse sample needs further demonstration.
Importance of Mailing Mishaps and Laboratory Processing Sources of Error
Factors affecting the quality of traditional laboratory-based neuroendocrine studies at the assay phase all remain important to the validity of large-sample, home-based biomarker studies, including intra-and inter-assay variability. Mailing specimens can result in additional sources of laboratory error, which may or may not turn out to be random, including packages being delayed or damaged in the mail, resulting in moldy, broken, or missing tubes. This source of error of reduced specimen quality also remains to be quantified.
Importance of Standardization of Procedural and Individual Nuisance Factors
Procedural factors also affect cortisol levels. Eating and smoking prior to specimen collection could raise cortisol levels (Badrick, Kirschbaum, & Kumari, 2007; Rosmond et al., 2000) . The timing of specimens in relation to diurnal patterns of light-dark and sleep-wake cycles could also affect cortisol levels, making either the standardization of timing or analytic techniques to cope with variance (e.g., Ranjit, Young, Raghunathan, & Kaplan, 2005) an important feature of study design if deviations are an important source of error. Several other nuisance factors also potentially affect cortisol levels: endocrine diseases; regular medication and substance use, including nicotine; steroid hormone levels related to menstruation or gestation; and body mass index or weight distribution. If nuisance factors occur at high rates or if they are not independent of the main variables of interest (e.g., psychopathology, cortisol, health outcome), then exclusion of these specimens could be a substantial threat to external validity. Empirical data regarding these factors would be useful to investigators designing data collection and analysis of biomarker data in ecological outcomes research.
Effects of Deleting Cases Affected by Nuisance Factors
Deleting specimens affected by the above sources of error could introduce bias and threaten external validity if the nuisance factor is not randomly distributed in the sample. For example, use of asthma inhalers would likely be more prevalent among poor or urban women (Wright & Subramanian, 2007) and use of psychiatric medications would occur more in women with mental disorders. Thus, the effect of deletions on the representativeness of a large ecological sample is as important to consider as exclusion criteria in laboratory studies.
Conversely, not deleting these specimens could threaten the internal validity of conclusions drawn about cortisol levels. For example, effects of smoking or different levels of steroid hormones (e.g., rise in estrogen correlating with rise in cortisol; ) across a small study might not have a statistically significant effect, but these might be conceptually and statistically important factors in larger, health outcome studies. Quantification of the effect on cortisol of these factors is needed.
Potential Effects of Selection Bias
When an ecological approach is used, the disadvantage of any increased error introduced by greater variance in procedures should be balanced or outweighed by what is, theoretically, its greatest advantage: a large and representative sample. Laboratory methodology strengths include maximizing control and minimizing error. To accomplish this, samples usually are small and procedures exacting. Homogeneity on all but a single focal factor is desirable. However, it is possible that bias in unmeasured or unmodeled factors (e.g., sociodemographic stress) could affect results or account for inability to replicate findings across laboratories. Large and representative samples should increase the validity of conclusions in stress-related psychiatric and perinatal health outcome studies by including women with diverse levels of sociodemographic disadvantage (an ecological stressor) and also by modeling the impact of such environmental factors. The requirement to come to a research or clinical facility to provide specimens in laboratory-based studies may introduce a de facto selection bias in favor of demographic groups that are either able or motivated to put forth this effort. Because health research done from an ecological perspective is particularly interested in contextual stressors, selection bias occurring on sociodemographic, geographic, or age group lines could be particularly threatening to ecological validity. The effect of de facto limiting of a small sample's socioeconomic status to either disadvantaged or affluent people has not been quantified in relation to cortisol levels.
METHOD
This is a conceptual, methodological analysis presenting descriptive data from the early months of an ongoing study. The objective is to begin to fill empirical gaps related to return rates, laboratory error, protocol adherence, and specimen exclusion decisions in an ecological approach and to explore the potential impact of selection bias. In the companion article (King et al., 2008) , which focuses on analytic issues, we present sample cortisol analyses to illustrate and quantify the impact of analytic decisions on results and conclusions. In the following sections, we provide a brief description of pertinent aspects of the largesample psychobiological perinatal outcomes study for which these salivary cortisol specimens were collected (R01 NR008767). We then describe details of the procedures related to the cortisol specimen collection, including some early adjustments made in response to low return rates. We also describe the mailing and laboratory processes and outline our statistical analysis.
Description of the Parent Study
The analysis for this article and the companion article was conducted from preliminary survey and cortisol data collected from June 2005 through October 2006 as part of an ongoing study of the effects of preexisting PTSD on perinatal outcomes. The study was conducted with institutional review board approval from our university and from those of the two collaborating medical centers. The parent study uses a prospective, nested case-cohort design to test the hypotheses (a) that PTSD is associated with adverse perinatal outcomes and (b) that dysregulations in the diurnal pattern of salivary cortisol are associated with both PTSD and adverse perinatal outcomes. Participants are pregnant women 18 and older, able to speak English without an interpreter, expecting a first infant, and initiating prenatal care at less than 27 completed weeks of gestation. They are recruited from three large health systems in a metropolitan area of the Midwestern United States. Women expressing interest in participating are given a written information document, and their contact information is sent to the survey research organization. Participation begins with review of the elements of the information document and a process of verbal informed consent followed by a standardized computer-assisted telephone psychiatric diagnostic interview. Measures include demographics, trauma history (Wolfe & Kimerling, 1997) , the National Women's Study PTSD module (Kilpatrick et al., 1994; Resnick, Kilpatrick, Dansky, Saunders, & Best, 1993) , the Composite International Diagnostic Interview depression and generalized anxiety disorder modules (Wittchen, 1994) , and the Centers for Disease Control Pregnancy Risk Assessment Monitoring Survey items related to pregnancy substance use (Gilbert, Johnson, Marrow, Geffield, & Ahluwalia, 1999) . Instructions about submitting cortisol specimens are given verbally at the end of the interview.
Original and Modified Procedures for Cortisol Specimen Collection
Procedures related to the saliva sample collection process were pilot tested via two academic health systems within faculty practice prenatal clinics (Seng, Kane Low, Ben Ami, & Liberzon, 2005) . In the first months of the subsequent study, return rates were lower than in the pilot, so procedures were modified. Originally, our procedures were as follows: Telephone interviewers followed a script describing the specimen collection kit and stating how and when to do the specimens. The kit included labeled Salivette tubes (Sarstedt, Newton, North Carolina). There were three forms included. First, an illustrated instruction sheet written at the 7th-grade level. It also displayed our toll-free telephone number, where answers to "frequently asked questions" are prerecorded and where participants could request replacement kits. Second, a sample checklist asked about eating, smoking, and timing of each specimen. Third, a health checklist asked if the woman had any major metabolic disorder and if she used any medications, including asthma inhalers, because these could affect cortisol levels. A check for $10 was included as thanks in advance for returning the sample. After the first 3 months of data collection, our return rate was near 40%, lower than the 60% to 80% rates in other community sample studies (e.g., Young & Breslau, 2004) and lower than in our pilot (Seng et al., 2005) .
An ethnographer (author Cynthia Gabriel, unpublished data) conducted a qualitative inquiry into possible reasons for this low return rate and found that some women had concerns about other tests being run on the saliva (e.g., drug testing) but that, otherwise, reasons they gave for not returning the kit could be characterized simply as it not being a priority task.
Given that this rate is lower than in other studies, a research assistant (author Caroline D. Reed, unpublished data) conducted an anonymous survey of pregnant women in one of the prenatal clinics from which we recruit. The goal was to learn what barriers there might be to intending to return the saliva specimens that we could address. She explained the saliva specimen collection purpose and procedure, and participants then reported their level of intention to provide specimens by mail. She asked about specific daily time points (on awakening; 45 minutes later; and prior to lunch, supper, and bedtime) and gestational time points (e.g., during pregnancy, around delivery, and across the postpartum period). Analysis of results showed that intention to return the samples was similar across the day, except for much lower levels of intention to complete the 45-minutes postawakening sample. They were similar across gestation but markedly lower postpartum. Thus, with our limited resources, the choice to use bedtime, awakening, and presupper samples seemed affirmed. This small survey also found there were no sociodemographic or obstetric differences among those whose level of intention to return the specimens was low. Women of low socioeconomic status were, however, more likely to be influenced by the amount of reimbursement and the extent to which mailing was convenient for them.
In response to these small investigations, we implemented four modifications. We added to our telephone script an explicit statement that we test only for cortisol, started reimbursing only those who actually returned specimens, increased reimbursement to $20, and implemented a reminder phone call followed by a reminder letter. The cumulative return rate had increased to 47% by the time we conducted the analysis presented here.
Laboratory Processes
Specimen collection kits include a postage-paid return mailer addressed to our co-investigators' laboratory. Laboratory staff log the kits into a tracking system, noting the date the tubes are put into the -80° C freezer and any evident problems, including missing, broken, or moldy tubes. Data on the checklist forms are entered as well. Assays are conducted periodically on the thawed samples, with the commercially available Coat-a-Count radioimmune assay.
Return Rate and Returner Characteristics
Overall return rate and rates for participants with differing demographic, perinatal risk, and psychiatric profiles are presented using bivariate odds ratios via chi-square test and adjusted odds ratios after multiple logistic regression. Effects of additive risk within these profile categories on being a returner are examined using the tau b correlation coefficient.
Mailing and Laboratory Processing Sources of Error
Rates of problems with tubes and delay in freezing are reported, along with summary information about the variability within and among the assays.
Extent of Adherence to Procedures
Rates of missing specimens and deviations from the requested collection procedures are presented for each of the three (bedtime, awakening, and presupper) time points.
Effects of Deleting Specimens With Nuisance Factors
Representativeness of effects of deletions from the sample are examined in a series of chi-square tests across all 15 participant characteristics examined. Detailed descriptive statistics portraying the effect of deletions on distribution of the evening cortisol levels also are provided, along with t tests determining when deletions result in significant changes in the mean.
Effects of Potential Selection Bias
Because laboratory studies often do not provide detailed analysis or discussion of sociodemographic characteristics (factors that are known to affect stress and health outcomes) in relation to cortisol level results, little is known about the relative importance of these contextual factors compared with focal factors. We consider whether an ecological approach may have the potential to reduce error due to selection bias. We use a cumulative disadvantage index, a sum of five characteristics associated with increased stress and/or adverse health outcomes: poverty, low education, being African American, being pregnant as an adolescent, and obtaining care in a central city clinic. A bimodal distribution guided stratification into two groups, those with fewer (0 or 1) versus more (2 to 5) disadvantages, which we refer to respectively as low and high sociodemographic stress groups. We compare the perinatal and psychiatric risk profile characteristics of each group using chi-square tests and compare the evening cortisol distributions using t tests.
RESULTS
The sample for this analysis includes 470 women who completed the first survey and were enrolled for follow up as of September 15, 2006. This study oversamples for PTSD, so 32.6% met diagnostic criteria for past or current PTSD.
Return Rate and Returner Characteristics
A participant was considered a "cortisol returner" if her kit was received in the laboratory by October 10, 2006. Although kits were received from 225 returners, 2 had to be excluded from the analysis because they did not submit specimens until after their infants were born. Thus, the effective return rate is 223 of 470 participants, 47.4%. Descriptions of the overall sample and the returner subset are compared in Table 1 , showing that those who are African American, living in poverty, with high school education or less, obtaining care in a central city clinic, smoking, and currently meeting full diagnostic criteria for PTSD are less likely to be among the returners (at the p < .05 level). Once the interrelationships among these factors are considered in a multiple logistic regression model, however, of these 15 demographic, pregnancy, or psychiatric factors, only being a smoker during pregnancy is an independent predictor of not returning a kit (p = .032). Within each category, we summed the five characteristics and used tau b to assess the correlation of an increasing number of sociodemographic stressors, pregnancy risk factors, and psychiatric status factors with likelihood of returning the kit. Only increasing sociodemographic stress was correlated with decreased likelihood of returning specimens.
Mailing and Laboratory Processing Sources of Error
Statistics summarizing mailing and laboratory processes are presented in Table 2 . Problems with Seng et al. the mailing process (e.g., torn envelopes with lost tubes, broken tubes, delays getting tubes into the freezer) and concentrations below the detectable limit of the assay are rare events. In our collaborators' laboratory, inter-and intra-assay coefficients indicate very satisfactory assay quality and stability over time, representing a source of error that is likely to be random and is minor enough that it need not be considered statistically in outcomes models.
Extent of Adherence to Procedures
Rates of entirely forgetting to do one of the specimens were low at all time points, but highest prior to supper. Analysis of the checklist where returners report adherence to the procedures is presented in Table 3 . Rates of providing the specimen more than 1 hour outside the suggested time frame were lowest at bedtime and highest at the presupper time. Rates of smoking or eating ahead of giving the specimen were lowest in the morning and highest at the presupper time point when 1.8% of those who returned specimens smoked in the preceding half hour. Seventeen percent reported eating in the 30 minutes prior to the presupper specimen.
Effects of Deleting Specimens With Nuisance Factors
We now examine the effects of specimen deletion on representativeness and cortisol concentration distribution (Table 4 ) using the presupper, evening cortisol as the example. Nine of the 223 women who returned cortisol kits had the evening specimen missing, so the number of women's specimens considered is reduced to 214. The rest of the series of deletions are proxies for customary exclusion criteria that likely would be implemented because they are thought to introduce important levels of error (e.g., Schlotz, Schultz, Hellhammer, Stone, & Hellhammer, 2006) . First, 9 women's specimens (4%) were deleted because they had concentrations of .00 pg/mL. This could be due to concentration below the detection limit of the assay, due to contamination of the specimen, or due to wetting the cotton with water. Second, data provided on the health checklist indicate that a small proportion of returners have endocrine disorders (0.5%) or use medications that could be threats to the validity of cortisol concentration as a measure of stress or psychopathology (3%). Several participants were deleted in this next step, including those who reported they had diabetes (n = 1) or who were using oral or inhaler steroids (n = 5) and antidepressants (n = 1), reducing the sample size to 198. Neither of these two sets of deletions resulted in statistically significant differences in the demographic, pregnancy risk, or psychiatric profiles compared with the women not deleted. Third, variations in the steroid hormone milieu can affect cortisol levels in women. In this study, gestational age must be considered because cortisol concentrations have been found to rise across the last half of pregnancy Challis, Sprague, & Patrick, 1983) . We thus deleted 30 participants whose interviews were completed after 20 weeks, resulting in a sample size of 168. Deleting the 30 women entering the study in the second half of pregnancy resulted in changes in the resulting sociodemographic profile, significant at the p < .001 level for all five characteristics. The rate of initiating prenatal care late (after 14 weeks) also decreases predictably and significantly. No other pregnancy or psychiatric characteristic rates changed with this deletion. Conversely, when the 19 women smoking during pregnancy were compared with the 195 not smoking, no differences in demographic profile result. However, rates of three pregnancy risk factors and three psychiatric diagnoses, all of which are related to tobacco use, decrease, with significance levels from p = .033 (late prenatal care) to p < .001 (PTSD and MDD).
In t tests comparing the mean evening cortisol concentrations, none of the means of the progressively smaller samples differed significantly from the original sample of all 214 who returned evening cortisol or Note. PTSD = posttraumatic stress disorder; MDD = major depressive disorder; GAD = generalized anxiety disorder. a. This proportion is reduced by deleting all who completed the first interview after 20 weeks of gestation. t test results for the Sample A to Sample E comparison approaches significance: t = 1.8752, df = 364, p = .062. *p < .05. **p < .001.
from each other, although the decrease in mean resulting from deletion of the remaining 16 smokers (Sample E, n = 152) approached statistical significance (t = 1.8752, df = 364, p = .062). Skew and kurtosis were decreased when the 30 women in late gestation were removed. For subsequent analysis, we use the sample that results when specimens from late gestation are deleted but smokers are retained (n = 168). Table 5 depicts the changes in sample characteristics and evening cortisol concentrations when samples are restricted to women with lower versus higher levels of sociodemographic disadvantage. Women with one or none of these were grouped as having low sociodemographic stress (n = 117). Those with two or more were grouped as having more sociodemographic stress (n = 51). By definition, these groups now have very different demographic characteristics (p < .001 for all five components of the cumulative sociodemographic stress sum score). Their perinatal and psychiatric status profiles now also differ at a trend level (p < .10) for 8 of the 10 individual factors. Only the characteristics of alcohol use and generalized anxiety disorder diagnosis do not tend to differ across the sociodemographic groups. Mean cortisol levels differ across the groups. The lower sociodemographic stress group only differs from the whole sample of 168 women at trend level (vs. .1048 pg/mL vs. .1259 pg/mL, t = 1.775, df = 283, p = .077). The higher sociodemographic stress group, compared with the whole sample, has a significantly higher mean level (.1742 pg/mL vs. .1259 pg/mL, t = 2.431, df = 217, p = .016). Contrasting the lower and higher sociodemographic stress groups with each other results in the largest difference (.1048 pg/mL vs. .1742 pg/mL, t = -2.981, df = 60.2, p = .004).
Effects of Potential Selection Bias

DISCUSSION
The descriptive data from the early months of data collection that are presented here suggest that an ecological approach to collection of a salivary biomarker within a large-sample community-based study is feasible. Examination of the effect of selection bias may be seen as lending support to the potential increased validity of an ecological approach by suggesting that contextual factors, such as cumulative sociodemographic disadvantage, are associated with variance in the salivary biomarker in a manner consistent with classic stress theory (Selye, 1956) .
Return Rate and Returner Characteristics
In this analysis conducted in the initial months of specimen collection, the return rate is lower in this study of diverse pregnant women than in other studies where an ecological approach was used but where requests and instructions were made in person and where the additional physical and psychological demands of pregnancy were not an issue (e.g., Young & Breslau, 2004) . Returners did not differ from nonreturners on any demographic, perinatal, or psychiatric factor when the interdependence of these characteristics was considered.
Laboratory Sources of Error
Mailing and laboratory sources of error were minimal. Only 7 participants' specimens were delayed beyond 14 days in getting to the freezer. However, 6 of these 7 women were in the more disadvantaged group and were from the inner city, suggesting that alternative return processes for poor urban women might decrease this small source of bias.
Extent of Adherence to Procedures
Adherence to procedures as reported on the specimen checklist forms varied across types of deviations and time of day. Adherence was generally worst at the presupper time. If the exact timing of specimen collection had been noted, additional analytic techniques could be used that turn this additional Ecological Cortisol 1: Data Collection Note. t test results for cortisol comparisons: Sample D to lower stress group comparison, t = 1.774, df = 283, p = .077; Sample D to higher stress group comparison, t = 2.431, df = 217, p = .016. Lower stress group to higher stress group comparison, t = -2.981, df = 60.2, p = .004. PTSD = posttraumatic stress disorder; MDD = major depressive disorder; GAD = generalized anxiety disorder.
source of variance to advantage Ranjit, Young, Raghunathan, et al., 2005) .
Effects of Deleting Specimens With Nuisance Factors
Deleting from analysis specimens affected by those nuisance factors that are very customary to exclude from HPA axis studies (endocrine disorders, corticosteroid use, psychotropic medication use) did not result in loss of representativeness, nor did it change the mean evening cortisol values. Deletion of specimens from late gestation resulted in loss of disadvantaged women from the sample. Thus, the lower mean cortisol resulting with this deletion may be reducing variance associated with both higher steroid hormone levels due to greater gestational age ) and, theoretically, some extent of higher sociodemographic stress (e.g., general adaptation theory; Selye, 1956) .
Although only 3 women reported smoking in the 30 minutes prior to giving the evening saliva specimen, those who were smokers had levels of cortisol that differed to an extent that stood out at trend level against all the error contained within the predeletion sample of 214 returners. Smoking co-occurred with other perinatal and psychiatric risk factors. Thus, decisions about including specimens from smokers in ecological studies warrant careful consideration in light of the research question and smoking's relevance to and potential confounding with a wide range of independent and dependent variables likely to be considered in health research.
Effects of Potential Selection Bias
Analysis of the effect of limiting the sample to less or more disadvantaged groups showed that sociodemographic factors associated with increased stress have a significant association with evening cortisol levels. This finding is important as a plausible explanation for the mixed results in the posttraumatic stress literature if the current mixed results could be explained in part by high-stress versus low-stress ecological contexts affecting the samples in unquantified and often undiscussed ways. This is an area where using an ecological approach may improve internal validity as well as external validity. The relative effect sizes of these nuisance, contextual, and focal factors in relation to cortisol levels, their interdependence, and their relative independent contributions to analysis of an exemplar health outcome are considered in detail in the companion article (King et al., 2008) .
There are several limitations to this methodological analysis. It is a post hoc examination; many potentially relevant questions were not asked, including asking nonreturners about barriers. It is limited to describing the psychosocial characteristics and biological values of a community sample of pregnant women. The observed rates of endocrine diseases, smoking, and using medication may be lower than in samples of nonpregnant women, as might be their rate of returning the specimen kits. Recent literature suggests that both body mass index and fat distribution pattern affect the cortisol profile, especially among women (Therrien et al., 2007) , but we do not have these data to analyze. We also do not have adequate data to assess the impact of women whose wake-sleep cycles are significantly different than our procedures assumed. In future studies, asking women to note their usual times to go to bed, wake up, and eat supper, as well as the times of the samples, may provide more useful information and permit optimal analyses. This analysis may contribute to the design of data collection for both future perinatal research and future psychiatric research; however, findings likely are most generalizable to studies where participants are both pregnant and selected for traumatic life events and/or psychopathology.
The strengths of this methodological analysis include focus on a diverse population of young women where variance attributable to ecological factors is maximized. The sample was large enough to consider the potential interdependence of numerous sociodemographic, perinatal, and psychiatric factors.
The data presented here support the feasibility and the value, in terms of enhancing ecological validity, of going outside the laboratory to collect biomarker specimens. These data can inform specimen collection planning to optimize return rate and make use of increasingly sophisticated procedures that accommodate deviations from ideal diurnal specimen collection (e.g., Ranjit, Young, Raghunathan, et al., 2005) . These data also will provide a quantitative basis from which to estimate the number of deletions, covariates, and thus the sample size needed to limit error and maximize generalizability. Examination of the cortisol concentration data lends support to the validity of large-sample ecological specimen collection insofar as the patterns observed are consistent with both the foundational studies of the pattern of rising levels across gestation Challis, Sprague, & Patrick, 1983) and with the theory that higher concentrations are associated with higher levels of stress (Selye, 1956) . The companion article to this one (King et al., 2008) continues this examination of ecological validity by focusing on the specimen analysis phase of the project and providing effect size data for a wide range of variables, as well as examples of psychiatric and perinatal hypothesis testing and modeling to extend the descriptive data provided here about specimen collection processes.
